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(71) We, SIBIRSKY NAUCHNO- 
ISSLEDOVATELSKY INSTITUT ENER- 
GETIKI of ulitsa Frunze, 9, Novosibirsk, 
Union of Soviet Socialist Republics, a State 
Enterprise organised and existing under the 
laws of the Union of Soviet Socialist Repub- 
lics, do hereby declare the invention* for which 
we pray that a patent may be granted to us}, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement:— 

The present invention relates to electro- 
conductive materials adapted for use in- elec- 
trical engineering and more specifically, to 
materials with a predetermined resistivity 
value. 

The present invention may be most effi- 
ciently used in die manufacture of volume 
resistors for high-voltage devices and electric 
circuits as well as In die production; of struc- 
tural elements for house-building and indus- 
trial construction. 

Known in' the art are dectroconductive non- 



binder, necessitates a high-temperature (up 
to 1,700° C) calcination, for die production 
of such ma t erials , effected mainly in a neutral 
or vacuum medium under strict compliance 45 
with the thermal conditions. 

Maintenance of such temperature conditions 
combined with the use of a neutral or vacuum 
medium is rather costly and technologically 
involved. 50 

Dimensions of articles macie of such 
materials are limited due to internal strains 
originating during calculation and cooling. 
These articles have a thickness generally not 
exceeding 2 to 3 cm. Any non-uniformity 55 
in the structure of the article materia! causes, 
during the calcination process, an acute non- 
uniformity of the article properties thus exert- 
ing a detrimental effect on- the final perform- 
ance of the article. 60 

It is an object of the present* invention to 
provide an dectroconductive material with a 
predetermined resistivity value which would 
possess combined properties of both resistive 
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(71) We, SIBIRSKY NAUCHNO- 
ISSLEDOVATELSKY INSTTTUT ENER- 
GETIKI of ulitsa Frunze, 9, Novosibirsk, 
Union of Soviet Socialist Republics, a State 
Enterprise organised and existing under the 
laws of the Union of Soviet Socialist Repub- 
lics, do hereby declare the invention), for which 
we pray that a patent may be granted to usj, 
and the method by which it is to be per- 
formed, to be particularly described in and* 
by the following statement: — 

The present invention relates to electro- 
conductive materials adapted for use in elec- 
trical engineering and more specifically, to 
15 materials with a predetermined resistivity 
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The present invention may be most effi- 
ciently used in the manufacture of volume 
resistors for high-voltage devices and electric 
circuits as well as in the production of struc- 
tural dements for hmise-building and indus- 
trial construction. 

Known in the art are electroconductive non- 
metallic materials with a predetermined resis- 
tivity value which materials comprise compo- 
sitions incorporating dispersed carbon, a di- 
electric filler and a binder. As the binder for 
such materials, use is generally made of 



Electrical conductivity of the materials is 
ensured by introducing dispersed conductive 
or semi-conductive, predominantly carbon- 
aceous, substances into the composition. The 
required resistivity value thereof is achieved 
by selecting the appropriate type of a dis- 
persed conductor, varying its vdirmetric con- 
centration and particle size, introducing special 
additives, and performing specific technologi- 
cal operations during the production of the 
materials and making articles therefrom. 
It is known that the use of ceramics, as a 



binder, necessitates a high-temperature (up 
to 1,700°C) calcination, for the production 
of such materials, effected mainly in a neutral 
or vacuum medium under sitrict compliance 45 
with the thermal conditions. 

Maintenance of such temperature conditions 
combined with the use of a neutral or vacuum 
medium is rather cosdy and technologically 
involved. ' 50 

Dimensions of articles made of such 
materials are limited due to internal strains 
originating during calcination and cooling. 
These articles have a thickness generally not 
exceeding 2 to 3 cm. Any non-uniformity 55 
in die structure of the article material causes, 
during die calcination process, an acute non- 
uniformity of the article properties thus exert* 
ing a detrimental effect on the final perform- 
ance of the article. 60 

It is an object of the present invention to 
provide an electroconductive material with a 
predetermined resistivity value which would 
possess combined properties of both resistive 
composite materials and construction structural 65 
materials with no technological limitations as 
to dimensions of the articles being manufac- 
tured therefrom. 

It is another object of the present inven- 
tion to provide a material from easily avail- 70 
able starting components which material would 
be simple to produce and less expensive com- 
pared to the prior art materials. 

According to the present invention there is 
provided an electroconductive material with 75 
a predetermined resistivity value comprising 
a composition of a dielectric filler and a sili- 
cate binder with a dispersed carbon having 
particles of various sizes not exceeding 3 ^, 
uniformly distributed among the particles of go 
said dielectric filler and silicate binder, said 
components being taken in the following pro- 
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portions: dispersed carbon from 6.75 to 85°/ 
by volume, dielectric filler from 1 to 60*/ 
by volume, and sflicate binder from 7 to 85V 
by volume. /o 

5 The use of dispersed carbon with particle 
size not exceeding 3 ft makes it possible, 
during the preparation' of the composition, 
to obtain a material featuring more uniform 
properties, and more particularly, electrical 
10 conductivity; to provide an electroconductive 
system consisting dispersed carbon which 
possess enhanced heat-resistance and ensures 
reliability and a long service life of the 
articles made therefrom. 
15 * ?"\ P*?*!^ °* varying me proportion 
of finely divided carbon particles of different 
sizes make it possible change the material 
resistivity, thermal resistance coefficient and 
non^inearity of current-voltage characteristics. 
20 m Hie use of finely-divided carbon with par- 
ticles of different sizes, not exceeding 3 p 9 
and a silicate binder as well as variation of the 
volumetric concentration of dispersed carbon 
from 6.75 to 85% by volume at a corres- 
25 ponding variation of the volumetric concen- 
tration of a dielectric filler from 1 to 60V 
by volume and of a silicate binder from 7 
to 85% by volume makes it possible to 
obtain a material with the value of resistivity 
30 ranging from 10- 1 to 10 s ohmxnt 

One embodiment of tthe material accord- 
ing to the present invention comprises a com- 
position, wherein as a silicate binder use is 
made of cement. 
35 _ The use of cement as a silicate binder makes 
it possible to avoid the use of higji-tempera- 
ture conditions and neutral or vacuum media 
tor the treatment of the material 
Hie use of cement as a binder enables the 
w production of materials from readily available 
components which are simple to .produce and 
less expensive as compared to those of the 
prior art, and to make articles of any dimen- 
sions from the material of the present inven- 
45 tion> mcluding structural elements for houses 
and buildings. 

The electroconductive material according 
to the present invention containing cement as 
a silicate binder may be used for the mam> 
facture of resistors, earthing connections, elec- 
troconductive floors, electric heaters, and elec- 
trostatic plaster shields. 

Another embodiment of the material of the 
present invention contemplates the use, as a 
55 silicate binder, of a mixture of sodium liquid 
glass of a specific gravity of 1.32 g/cm 3 and 
^™ flwrosilicate in amountts ranging from 
9 to 40% by volume based on the total voW 
of the composition. 
60 The use of such a binder in amounts ran*, 
mg from 9 to 40% by volume of the com- 
position makes it possible to obtain a material 
which remains heat-resistant at temperatures 
of up to 500°C ^ 



The material incorporating such a silicate 65 
binder may be used for the manufacture of 
resistors and heaters. 

It is also possible to use, as a silicate binder 
for the material f the present invention, a 
mixture of cement and sodium liquid glass, 70 
the latter being employed in amounts of up 
to 30% of the total volume of the binder. 

The use, as a sflicate binder, of a mixture 
of cement with liquid scdium glass enables tlie 
heat-resistance of the material and the density 75 
thereof to be increased while re tain ing simple 
technology of making the material and articles 
±erefrom which is characteristic of a cement 
binder. This ensures a more uniform tempera- 
ture distribution throughout the material and 80 
articles made therefrom as electric energy is 
dissipated whereby the service life of the 
articles is substantially increased. 

The material incorporating such a sflicate 
binder is employed for the manufacture of 85 
heaters, resistors, and electrostatic plaster 

According to the present invention, it is 
advantageous to use, as dispersed carbon, 
graphite carbon with a processing temperature 90 

up* 1,700'C and Article s4 ncrt^reater 

Hie use of graphite carbon with a process- 
es ^P™*?* 5 of up to 1,700°C and at 
least 1,200*0, makes it possible, in addition 95 
to variation of electrical conductivity and 
thermophysical characteristics of dispersed 
carbon material per se, to enhance its resis- 
tance against chemical attach and heat-resis- 
tance. JQQ 

The use of graphite carbon having various 
particle sizes less than 3 u makes it possible 
to improve uniformity of the articles in respect 
to electrical conductivity. 

As a dielectric filler for the electroconduc- 105 
ttve material of the present invention use may 
be made of such dielectric substances as quartz 
sand, corundum, and peridase; in case the 
sflicate binder is sodium liquid glass, the filler 
may be pelletlsed blast-furnace slag. no 

For better understanding of the present 
invention, some specific examples illustrating 
compositions of the material according to the 
present invention (all quantities are expressed 
as % by volume) intended for the manufac- 115 
tore of articles therefrom are given herein- 
below. 

The resistor is a component of an electric 
arcuit, having active electrical resistance. 
Electrical resistance is the main parameter of 120 
a resistor. Resistance of spatial resistors de- 
pends on the resistivity value of the material ' 
they are being made from. 

Hie principal method of controlling the 
value of resistivity of an electroconductive 125 
material resides in changing its composition. 
Increased volumetric concentration of dis- 
persed carbon ensuring electrical conductivity 
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of the composition material results in its de- 
creased resistivity. A silicate binder which 
is present m the composition acts not only as 
a binder consolidating its components, but as a 
reagent through a liquid phase whereof a 
phyacochemical interaction of die components 
is effected. These physico-chemical processes 
occur during hardening of the material and 
their intensity may be controlled by varying 
the hardening conditions. Hie material 
strength is mainly determined by the volu- 
mernc concentration of silicate binder and 
dielectric filler, since the latter forms a rigid 
framework and facilitates a more uniform 
distribunon of dispersed conductor within the 
bulk of die material. 

Moreover, both the silicate binder and di- 
electric filler due to their thermal conduc- 
pvuy and heat capacity, take an active part 
m dissipation of electric energy within the 
bulk of die material, whereby this energy is 
converted by the resistor into heat 

To determine die imoperties of electro- 
conductive materials prepared from the above- 
mentioned components, test specimens have 
been made therefrom using various composi- 
tions of die material; me specimens were of a 
cylindrical shape and had a diameter of 5, 10, 
*** and 10 cm. 

These specimens were used for electro- 
conductivity measurements in weak and 
strong fields. The weak-field measurements 
were performed using an ohmmeter, while the 
strang-^eld measurements were made using 
a pulse voltage with a wave of 15/40, 10/20 
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100/200, and 3,000/8,000 ^ sec and alter- 
natmg voltage of industrial frequency con- 
nected to a high-voltage source for a period 
of from 0.04 to 2 sec. 

These measurements made it possible to 
determine die non-linearity of the material 
current-voltage characteristics described by 
the non-linearity factor « from the equation 
U = AI»; the permissible value of energy dis- 
sipated within the material at a single and 
repeated switching, as well as the permissible 
value of mean field strength for a cylindrical 
specimen. 

The same test specimens were used for 
measuring the thermal resistance coefficient of 
the material Mechanical strength tests were 
performed with specimens of a cubic shape 
having 10 and 7 cm edge. The results of die 

' £ %*£ tB * m * d are ^ven faereinbelow 55 
in Tables 1, 2, and 3. 

Examples of compositions of the electro- 
conductive material iisefiii for die manufac- 
ture of volume resistors comprising dispersed 
carboy a silicate binder, viz. cement, and a 
dielectric finer are given in the following Table 
l, the amounts being expressed in percent by 
volume. It may be seen from Table 1 that 
aU other things being equal, the resistivity of 
an electroconducuve composition and the per- 
missible value of specific energy aassipated 
therein as well as the thermal resistance coeffi- 
cient and the non-linearity of current-voltage, 
charactensHcs depend on the volumetric pro- 
portions of the composition ingredients and 

5ff^ ° n ^ volime *ic concentration of 
dispersed carbon. 
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The heat-resistance of articles made from 
compositions based on a silicate binder com- 
prising cement and liquid glass is about 250°C 
Earthing connections are obligatory com- 
5 ponents of electrotechnical networks houses, 
and buildings. They enable effective opera- 
tion of these networks and are intended for 
ensuring safety of the operating personnel. 
Hie material of the present invention is 
10 employed, as a rule, for the manufacture of 
spatial earthing connections with metal re- 
inforcement elements used in supporting struc- 
tures being retained provided they are simul- 
taneously serve as foundations. The reinfbrce- 
15 mem serves in this case as a 1 current lead-in. 
Earthing connections may be manufactured 
of any shape and dimensions. 

One of the decisive parameters of the mate- 
rial used for the manufacture of earthing con- 
20 nections bearing mechanical load such as the 
foundation of an electrochemical structure is 
its mec ha n ic a l strength. From the viewpoint 
of ensuring the necessary value of this strength 
of at least 200 kg/cm 2 , die volumetric con- 
25 centration of cement binder and dielectric 
filler in the composition should be increased. 
To increase the mechanical strength, it is 
advisable to replace a portion of the powdered' 
dielectric filler by rubble. Any further increase 
30 of volumetric concentration of dispersed car- 
bon over 19% by volume (this concentration 
ensures the required resistivity value), is in- 
expedient, since the mechanical strength of 
the article material would be insufficient 
35 The resistivity value of the dectroconduc- 
tive composition should be several times 
smaller than the resistivity of the soil where 



the ground connection is installed and should 
vary from 80 to 200 ohmcm. 

Tests of the material compositions employed 40 
for the manufacture of spatial ground connec- 
tions were performed with specimens of a pris- 
matic shape with dimensions 4 x 4 x 16 cm. 
During the manufacture, steel reinforcement 
simulating a lead-in was placed along the 45 
specimen axis. The tests were performed under 
artificial ground conditions with different resis- 
tivity values. 

The mechanical properties of the articles 
were determined using cube-shaped specimens 50 
with a 10 cm. edge. 

Examples of the material compositions em- 
ployed for the manufacture of earthing con- 
nections and the test results are given in the 
following Table 4. ~ 55 

For the reinforcement purposes a portion of 
the dielectric filler is replaced by rubble. 

As seen from Table 4, the resistivity of 
dectroconductive compositions depends on 
volumetric proportions of the components. A 60 
dedsive factor in this respect is the volumetric 
concentration of dispersed caTbon. When the 
latter is decreased, the composition resistivity 
increases. At the same time, a decrease in the 
volumetric concentration of dispersed carbon 65 
at the expense of increased concentration of the 
binder and dideetric filler improves the mech- 
anical strength of the dectroconductive com- 
position material, i.e. its tensile and compres- 
sion strengths. 7 q 

The physico-chemical processes taking place 
between the composition components during 
hardening contribute to an increase in its 
resistivity. 
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of the material, use should be made of dis- 
persed carbon with the panicle size of at 
least 1 ,u. 

As seen from Table 5, die presence of 
5 dispersed carbon in die material improves to 
a certain extent its impact strength as com- 
pared to that of conventional types of struc- 
tural concrete; 
Electric heaters from the material of die 
10 present invention are made, as a rule, multi- 
layered. A layer of the electroconductive 
material is placed between the layers of other 
materials. The outside layers of a heater are 
made of a heat-resistant dectto-ihsulatmg 
15 material and intended for providing electrical 
safety of the heater. They are manufactured 
by applying an insulating layer onto the 
article surface, followed by a corresponding 
treatment such as drying or calcination. The 
20 layers directly adjacent the electroconductive 
layer, viz. the heater per se, may serve various 
purposes, namely; act as a supporting layer 
bearing all mechanical loads or as a layer 
r. accumulating heat energy due to its intrinsfc 
25 heat capacity and giving up its heat to the 
environment in case the heater is disconnected 
from the electric circuit 
The thennophysical properties of the 
_ materials to be employed are of prime import 
JU }* nce m the manufacture of these electric 
heaters. 

The technology of making electric heaters 
from the material of the present invention 
contemplates inserting metal electrodes into 
the electroconductive layer during its fabrica- 
tion. These electrodes may act at the same 
time as transverse reinforcing members of 
the article. 

The electric, thennophysical, and physico- 
mechanical properties of the compositions em- 
ployed for the manufacture of electric heaters 
were tested on specimens of a cubic "shape 
with an edge of 7 and 10 cm, on prismatic 
specimens having dimensions 4x4x16 cm., 

45 and cylindrical specimens with a 5 cm. dia- 
meter and 5 cm. height. In addition, tests 
were performed with heater models having 
different configurations and dimensions in 
accordance with the intended purpose thereof. 

50 Samples of compositions of the material 
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used for the manufacture of heaters and die 
test results are given in Table 6 herembelow. 
(See page 23). 

As seen from Table 6, heating elements are 
made of compositions which may include as 55 
a silicate binder such components as liquid 
glass, cement, and a mixture of cement with 
liquid glass. 

The resistivity of the electroconductive 
materials, as in the above Examples, depends 60 
on the volumetric proportions of the c om,— 
ponents and, primarily, on the concentration 
of dispersed carbon. 

The heat-resistance of the electroconductive 
materials is determined by the properties of 65 
the employed silicate binders in the hardened 
condition: it is 150°C for cement: 300— 
400°C for liquid glass; 250°C for a mixture of 
cement and liquid gjass. Moreover, the heat- 
resistance of an electroconductive material is 70 
strongly influenced by heat-resistance and 
■ thermophysical characteristics of dispersed 
carbon. 

Heat capacity of the electroconductive 
material is defined by the total heat capacity 75 
of their components: 

Tne data shown in Table 6 were obtained 
with quartz sand employed as a dielectric filler. 

When die same materials are employed as 
die starting components, the composition heat 80 
capacity varies but insignificanriy even with 
the use of different types of a silicate binder 
(cf. Table 6). 

Electrostatic shields from the material of 
the present invention for electromagnetic 85 
waves of sound frequencies are made in the 
form of a plaster applied onto wall surfaces 
over a metal reinforcing netting with 10—20 
cm. cells by conventional methods as used 
in construction work. The shielding effect of the 90 
plas^ shields depends on the particle size of 
finely-divided carbon incorporated therein. In 
this particular case, the volumetric concentra- 
tion of dispersed carbon should be much 
greater than in the previous cases. Powdered 95 
carbon with 0.15 to 0.5 mm particle size may 
be used in the composition instead of the 
dielectric filler or a portion thereof in some 
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to Claim 1, wherein the silicate binder is a 
mixture of sodium liquid glass with specific 
gravity of 1.32 g/cm 3 and sodium fluorosili- 
cate, the mixture being taken in amounts 
5 ranging from 9 to 40% by volume. 

4. An dectroconductive material according 
to Claim 1, wherein the silicate binder is a 
mixture of cement and sodium liquid glass, 
the latter being employed in amounts of up to 

10 30% of the total volume of the binder. 

5. An dectroconductive material according 
to Claim 1, wherein dispersed carbon is 
graphite carbon. 

6. A resistor made of the material accord- 
15 ing to Claims 2, 3, 4 set forth hereinbefore. 

7. An earthing connection made of the 
material according to Claim 2 set forth here- 
inbefore. 



8. An electroconductive floor made of the 
material according to the foregoing Claim 2 
and intended for removing static electricity. 

9. An electric heater made of the material 
according to the foregoing Claims 2, 3, or 4. 

10. An electrostatic shield-plaster for pre- 
mises made of the material according to the 
foregoing Claims 2, 3, or 4. 

11. A dectroconductive material according 
to Qaim 1, substantially as hereinbefore de- 
scribed. 
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